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Abstract
For the current x-ray spectroscopy program at the ESR storage ring (GSI-Darmstadt) a position sensitive germanium detector system has been completed. The position sensitive structure of the detector has been realized on an area of 47~23.4 mm2 by an array of 200 strips (200 pm wide and 23.4 mm long) separated by 35 pm wide grooves etched through boron implanted contact. The thickness of the detector inclusive a 0.6 mm thick Li-diffused rear contact amounts to 4.1 mm. Each strip has been joined to a preamplifier placed outside the cryostat with printed leads inside the flexible Kapton foil.
The energy resolution of the'strips has been about 1.8 keV [FWHM] for 60 keV photons. Coincidences between neighbouring strips were measured whereby a time resolution of 70 ns [FWHM] was obtained.
First preliminary results obtained with the detector mounted at the transmission x-ray spectrometer FOCAL demonstrated that an energy resolution better than 100 eV is achievable together with high detection effiency.
Along with a new kind of x-ray spectrometer this detector may play a keyrole for the next step of high precision x-ray experiments, aiming-on a precise test of quantum electrodynamics in the heaviest one-electron systems such as a hydrogen1 ike uranium.
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I. INTRODUCTION
In the x-ray energy region above 15 keV, germanium is probably the best suited semiconductor for the fabrication of detectors, requiring submillimeter spatial resolution. The combination of a focussing crystal spectrometer with a position sensitive germanium microstrip detector permits the measurement of an energy spectrum wide enough to investigate the interesting peaks simultaneously. In addition, the good energy resolution enables discrimination against background events of the recorded spectra arising from various sources.
Two germanium detectors with the same position sensitive structure manufactured at Forschungszentrum Julich, have already been realized.-First of them was applied for the energy analysis of Comptom scattered photons dispersed on the Rowland circle of a Cauchois-type cylindrically bent crystal [l] . An energy resolution of about 4 keV [FWHM] could be obtained for each of 200 strip elements. The second one, with only eight strip elements connected to the preamplifiers placed inside the cryostat, was thoroughly tested at ESRF-Grenoble [2] . Energy resolutions <2 keV,, peaWvalley ratios >lo00 and -I count uniformities across the detector surface <1 .5* % were achieved for energies below 60 keV.
,
For the next generation of Lamb-Shift experiments on hydrogenlike high-Z ions at the ESR storage ,ring at GSI, a new kind of a transmission x-ray spectrometer has been designed- [3] , [4] . This instrument exploits .the focusing compensated asymmetric Laue geometry (FOCAL) which focuses the radiation of a certain wavelength from an extended source to two single lines on the Rowland circle. For a certain wavelength, these Bragg-reflections arise from a cylindrically curved Si-crystal with a bending radius of 2 m. Its design is optimized for photon energies in the range between 50 and 100 keV. In order to achieve the desired efficiency of lo-', a position sensitive microstrip germanium detector appears to be the most promising photon counting system. The energy resolution of such a detector should be as good as possible to enable effective background suppression and good timing capabilities. The desired pitch of 200 strips was about 250 pm.
Based on the many year long experience in manufacturing of position sensitive germanium detectors at Institut fir Kemphysik, Forschungszentrum Julich [ 13, [2] , [5] , [6] , [7] , [SI, we started with the realization of the desired position sensitive germanium detector for FOCAL-spectrometer at GSI-Darmstadt.
The goal was to achieve an energy resolution better than (1 100 nun2) . A guardring which surrounds this area enables also relatively simple assembling. Each strip '-has been, joined to a preamplifier placed outside the cryostat with printed leads inside the flexible Kapton-foil (Fig. 1) . All connections between the strip; and printed leads have been performed through bonded AI-wires. The Kapton-foil pressed between two Viton-seals serves at the same time as vacuum feedthrough. AJ 2 I/s Varian ion-pump maintains the pressure inside the cryostat below 5xlO-'mbar.
Thorough laboratory tests were performed using 241Am yrays. A lot of effort is needed to avoid deterioration of the This technique allowed us to study the*coincident photon spectra between neighbouring strips, as well as to investigate the timing characteristics of the detector system used. As example, we ,display ,in Fig. 3 , a sample time spectrum observed between t y o strips. Here, a time resolution of 70 ns [FWHM] is observed. Note, that for the planned experiments with heavy ion beams, a good time resolution for the x-ray detection system is required since the photons will be exclusively detected in coincidence with down-charged ions [9] . Since, the latter will be accomplished by fast scintillator or multj-wire proportiona! counters, a time resolution of better than 50 ns should be achievable with the current micro-strip detector., This is by far sufficient to meet the -criteria of the ' current x-ray spectroscopy progiam at the storage ring ESR at GSI.
The registration of photon coincidences between strips does allow us in, addition to reconstruct, at least partially, single photon 'events undergoing Compton Scattering or charge splitting inside the detector or which are accompanied by an escape photon.' In Fig. 4 , the coincident photon spectra (associated. to the time spectrum displayed in Fig. 3 ) are depicted (see Fig. 4b and 4c ) which show an almost continuous energy distribution. However, adding the coincident spectra event by event, a photon spectrum is produced with the 60 keV line of 241Am as the most prominent feature. As a consequence'of the summing-up procedure, the observed energy resolution amounts here to 2.5 keV JFWHM] at 60 keV. Beside the energy and timing capability, the position sensitivity is of course the most important feature of the detector system: To investigate the position sensitivity also a collimated 241Am source was used. In Fig. 5 the corresponding event distribution obtained for three different positions is shown, using an energy condition for the 60 keV y-line. The beam divergence leads to the observed position broadening of 0.8 mm. From the spectra displayed it is evident that the center of gravity of the lines can be determined with a precision of close to 100 pm. In particular, due to the energy condition applied, the position spectra are free of background events. 
III. FIRST TEST WITH "FOCAL"-SPECTROMETER
Very recently, the microstrip germanium detector has been tested in combination with FOCAL spectrometer (Fig. 6 ) using an intense radioactive 169Yb source. Even without any ,strict conditions on the photon energies for the individual strips, the intensity pattem observed with the microstrip detector as function of the position (i.e. strip number) identifies clearly the two x-ray lines of the Kadoublet from Tm and Yb (Fig. 7) which are separated by approximately 970 eV and 1030 eV, respectively. This demonstrates that in combination with the FOCAL spectrometer, an energy resolution better than 100 eV can be achieved along with a high detection efficiency. 
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IV. CONCLUSION
This paper describes the position sensitive germanium detector system for the hard x-ray regime (10-100 keV) which will be used, together with the FOCAL-spectrometer, for the current x-ray spectroscopy at ESR storage ring. Several important properties, like sufficient position sensitivity and a good energy resolution along with timing capability, make this detector system very well suited to fulfill the requirements of the FOCAL-spectrometer project. These two instruments used together at the ESR jettarget are foreseen for the next generation of Lamb-Shift experiments on hydrogenlike high-Z ions. First experiments are planned for spring 2001. Furthermore, by exploiting all capabilities of the germanium detector, a broad range of new challenging experiments can be anticipated, e.g. precise lifetime and Doppler tuned experiments. Moreover, a lot of applications can be imagined at the synchrotron x-ray sources, also in combination with crystal spectrometer. Some application of such a germanium detector system for x-or y-ray detection in medical diagnosis should be also taken into account.
A two-dimensional germanium detector system with 25x1 60 orthogonal strips is being under development.
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